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Einstein’s Gravity: General Relativity
Matter tells spacetime how to curve

Spacetime tells matter how to move
- John Wheeler

LIGO/Caltech
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Why search for gravitational waves?

They are a completely new way to study the universe

Most of what we know about astronomy comes from 
photons or particles, neutrinos, or cosmic rays

Gravitational waves
- are produced by the most violent events in the universe 
- travel unimpeded through matter 
- carry direct information about the motion of bulk matter 

Keck Telescope Super-Kamiokande
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Credit: Gabriele Vajente

LIGO
4 km interferometers 
Hanford, WA  and  Livingston, LA 
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How does LIGO detect gravitational waves?

LIGO/Caltech
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How sensitive is the LIGO experiment?
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LIGO Sensitivity
Snapshots of LIGO (L1) Noise:  
S5 (2007), S6 (2010), O1 (2016), O2 (2017)



A Global Network

LIGO/Caltech 11



Observing Timeline
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Caltech/MIT/LIGO Lab
First Detection, GW150914



A global network allows source localization



Rapid Alerts for 
multi-messenger astronomy



16LIGO/Virgo/Lovelace, Brown, Macleod, McIver, Nitz

GW170817: gravitational waves
from a binary neutron star merger

August 17, 2017 



GW170817: Localization and optical counterpart
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Optical/IR

GW

Gamma-rays

X-rays

Radio

The Astrophysical Journal Letters, Volume 848, Number 2

GW170817

https://iopscience.iop.org/journal/2041-8205
https://iopscience.iop.org/volume/2041-8205/848
https://iopscience.iop.org/issue/2041-8205/848/2
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Binary neutron star mergers form heavy elements
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Data 
Documentation 

Tutorials 
Software 

Segment Lists 
Web Apps

gwosc.org

http://gwosc.org
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Explore Strain: GW Quickview App
https://gw-quickview.streamlit.app/
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Event Catalogs
Event Portal

24



25

GWOSC.ORG 93 events & counting
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Download LIGO/Virgo data through:
Point and click 
Scriptable API 

CVMFS
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Open Data Workshops

gwosc.org/workshops

Learn GW data analysis 
Attend in person or online course 
Lecture videos + software tutorials

http://gwosc.org/workshops
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Summary

• Gravitational waves are providing insights across 
many fields, including: 

• Hubble constant 
• Neutron star equation of state 
• Heavy element production 
• Jet structure 
• Compact object populations 
• and more …. 

• LIGO and Virgo are part of a global, rapidly 
developing network of GW observatories 

• Get started at gwosc.org

• Many more discoveries to come!
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Thank you!
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Indirect evidence of gravitational waves

LIGO/Caltech

Weisburg, Nice & 
Taylor, 2010

Hulse-Taylor Binary Pulsar 
PSR B1913+16

GR prediction
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Observed black hole mergers to date

LIGO/Caltech/MIT/LSC
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Gravitational Waves Stretch Spacetime 



Introductions
• Jonah Kanner 
• Senior scientist with LIGO Laboratory, Caltech 

• Director of the Gravitational Wave Open Science Center 
• I have 2 jobs: 

• I write software to look for gravitational waves 
• I help other people write software to look for gravitational 

waves 
• contact: jonah@caltech.edu 

Career path: 
   Bachelors in physics+math, then PhD in physics (UMD) 
   1.5 year “post-doc” at NASA Goddard

mailto:jonah@caltech.edu
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Gravitational wave propagation
Spacetime strain h(t) measured as

Strains from astrophysical sources ~10-21

Measured over 4 km,  ~ 10-18 mΔL



LIGO DCC P1500072

Observing GWs with interferometry

37McIver



active isolation 
platform  (2 stages 
of isolation)

hydraulic external pre-
isolator (HEPI)   (one 
stage of isolation)

quadruple pendulum (four 
stages of isolation) with 
monolithic silica final stage 4/33

Seismic Isolation



A three interferometer network

LIGO/Caltech

and EM observer partners
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Current Observing Run O3

• April 2019 - May 2020 
• LIGO Hanford, LIGO Livingston, Virgo 
• KAGRA may join near end of run (!) 

• 29  30 candidate detections so far (and counting) 
• gracedb.ligo.org 
• ~1 per week 

• Includes possible BNS and first NS-BH 
• plus lots of binary black holes 

• “O3a” - first 6 months (ending soon) 
• Target to publish O3a catalog around April of 2020

http://gracedb.ligo.org


GW Detector Timeline

https://arxiv.org/abs/1304.0670

3 8 50 
1 / week

150 
3 / week

A+ 

300 Mpc 

2025

~400 
1 / day

Detections:
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Gravitational Wave Bursts
Discover & Characterize transients 
without templates 

Work in time-frequency domain (mostly) 

Use “coherence” between multiple detectors
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Waveform Reconstructions

Glitch fitting for data cleaning       Compare data and models

Phys. Rev. X 9, 031040 (2019)

Phys. Rev. Lett. 119, 161101 
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Better modeling of data —> More sensitive detections

Searching for GW signals usually involves looking for 
“loudest” signal + cuts to remove glitches 
• e.g. ranking statistic scales with SNR 

• Louder is better 

Works well if the detector noise is Gaussian,  
but can fail when data contain artifacts (glitches) 

Instead, can use Bayesian model selection to choose 
between competing models: 
• Data are Gaussian noise 
• Data are Gaussian noise + a glitch 
• Data are Gaussian noise + a signal
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Data contain a signal

Data are Gaussian noise

Data contain a glitch



Search for ‘loudest’  
event gets fooled  

by glitches

Search that 
models  

data+glitches 
does better 

Bayesian model selection for burst searches

Phys. Rev. D 93, 022002
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Bayesian model selection for matched filter searches

LOUDQUIET

Signal  
Model

Noise  
Model

Phys. Rev. D 98, 042007



Credit: NASA 

Credit: NSF/LIGO/Sonoma State University/A. Simonnet



Heavy 
black 
holes
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GWTC-1
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B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration),

The Astrophysical Journal Letters, 850:L39 (13pp), 2017 December 1 

B. P. Abbott et al. (LIGO Scientific Collaboration and
Virgo Collaboration) ApJ Lett. 848, L13 Jets and  

Outflows

Neutron Star 
Equation of  

State

Multi-messenger 
astrophysics
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B. P. Abbott et al. Nature 551, 85–88, 2017

Measure the Hubble Constant
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Test General Relativity
in strong gravity

Measure BH ringdown

Measure waveform 
phase evolution

Phys. Rev. Lett. 116, 221101 – 2016
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Binary neutron star mergers form heavy elements
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Binary neutron star mergers form heavy elements


